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ABSTRACT
Noise measurements were made near the exhaust of three small
pneumatic tools operating under various loads and with various components removed.

One-third octave analyses were performed on the

noise for identification of noise:sources and to determine possible
noise reduction techniques.

It was determined that the noise spectra

consisted of broad band turbulent flow noise plus periodic components
at the tool motor blade passage frequency and harmonics of this
frequency.
One tool, the nut setter, was selected for reverberant field
noise analyses and noise reduction studies.

Reverberant field measure-

ments indicated that most of the tool noise was transmitted through the
tool body; however, exhaust noise reduction studies were conducted to
determine possible muffler configurations for better exhaust noise
attenuation with less back pressure than the standard muffler.

Similar

designs could be used for attenuation of both exhaust noise and tool
body radiated noise.
Three experimental mufflers evaluated included a modified expansion
chamber, a modified resonator, and a modified double expansion chamber.
The modified expansion chamber provided very good attenuation, but produced considerable back pressure.

The modified resonator tested did not

provide acceptable attenuation at low tool speed; however, a possible
method for improvement is given.

The modified double expansion chamber

provided relatively good attenuation over a broad range of tool speeds.
Recommendations are made for further muffler studies, and for further studies of body radiated noise.
further work are suggested.

Possible methods of approach fo~
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INTRODUCTION
Pneumatic motors represent a convenient source of rotary power
for many applications in industry.

These include pneumatic drills

and screwdrivers, pneumatically powered hoists, pneumatic wire wrap
tools, and pneumatically powered wrenches.

However, because of the

method by which the power is produced, pneumatic tools are inherently
noisy.

Quantities of compressed air are periodically released, re-

sulting in pressure modulation which produces acoustic waves.

In

addition, the flow rates are such that flow velocities are high and
noise is produced by air turbulence.
In many industrial plants today, the noise levels to which
employees are exposed can induce permanent loss of hearing.

Even

though a given machine may not by itself produce a high noise level,
when a number of machines are operating within an enclosure the noise
may reach critical levels.

The most effective means for reducing this

noise is to lower the noise output of each source as much as practicable.
In this study, three sizes of pneumatic tools were operated and
their noise levels measured.

The tools consisted of a wire wrap tool,

a nut setter, and a general purpose motor.

The wire wrap tool was small

and not quite as noisy as the other two tools.

The nut setter, although

not as large as the general purpose motor, produced about the same level
of noise.

Since the nut setter was one of the noisier tools and was

more compatible with the available small air compressor than was the
general purpose motor, the nut setter was chosen for further testing.
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1.

LITERATURE SURVEY
A survey of literature published in the last fifteen years pro-

duced only one article (1)* pertaining to noise reduction for the
type of pneumatic tools used in this study.

The article discusses

the problem in general terms, and indicates what approaches to reducing the exhaust noise have been used and what approaches should be
followed in the future.

It indicates that exhaust air is the primary

source of noise and can be reduced by constrictions, small holes, or
felt.

Expansion chamber mufflers have been added to some grinders,

reducing the noise level from 102 to 81 dB.

Also, expansion chambers

have been built into screwdrivers, reducing the noise from 91 dB to
80 dB.

Resonators were not recommended because of their relatively

narrow frequency band attenuation characteristics.
Most of the noise reduction work on pneumatic tools has been
done on pneumatic rock drills.

Miller (2) investigated the noise

levels and spectra of pneumatic rock drills and listed three major
noise sources:
1.

Impact between the piston and drill steel and impact between
the drill steel and rock for frequencies below 100 Hz.

2.

Exhausting of air from the exhaust ports for frequencies
between 100 and 2000 Hz.

3.

Resonance of the steel parts of the drill and resonance of
the drill steel for frequencies above 2000 Hz.

DeWoody, Chester, and Miller (3) designed, built, and tested two
types of acoustic filters for rock drills using electrical analogies.

*Numbers

in parenthesis refer to references listed at end of paper.
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High exit velocities were found to generate noise and in extreme cases
nullified the benefits of the muffler.

Chester, DeWoody, and Miller (4)

studied the effect of the shape of a pneumatic rock drill exhaust
muffler on its efficiency.

They concluded that the shape of the

muffler, which was essentially a double expansion chamber, was not
critical and that the muffler could be incorporated into the shell of
the drill.

It was also concluded that increasing the number of openings

while maintaining the same area of exit opening had a beneficial effect
on exhaust noise.
Bei~rs

(5) conducted a detailed study of the various noise sources

in pneumatic rock drills and listed the individual noise sources contributing to the overall intensity in order of importance as follows:
exhaust process, mounting rattle, movement of the rifle bar, rock
penetration, valve movement, and percussion action.
The articles on pneumatic rock drills were of general interest
because they reported studies of noise produced by pneumatic tools
and discussed methods for quieting these tools.

However, since

pneumatic rock drill operation is quite different from that of the
tools tested, these articles were not directly applicable.
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2.

EQUIPMENT AND PROCEDURE
The required sound pressure measurements should, ideally, have

been obtained in an anechoic chamber (simulated free field) or in a
reverberation chamber (diffuse field).

Since neither was availaole,

tests were conducted in a laboratory with hard walls, ceiling and floor
which approximated a reverberation chamber (6, App. E).
2.1

Test Stand
Since the nut setter and the general purpose motor are normally

operated under a wide range of loads, .a test stand dynamometer (Fig. 1)
was constructed to simulate various operating conditions.

The stand

was constructed from 2x4 inch lumber; a 6 inch diameter pulley and
shaft assembly was mounted on the stand so that the pneumatic tools
could be attached.
loads.

A friction brake arrangement was used to supply the

This brake consisted of a 3 foot length of automotive type

brake material, 2 inches wide, placed over the pulley and attached at
one end to a spring scale, and at the other end to a container of lead
shot.

The direction of rotation of the pulley was such that the load

on the spring scale increased when the pneumatic tool was operating.
This increase in load and the radius of the pulley were used to
determine the torque being supplied by the pneumatic tool.
2.2

Noise Recording and Analysis
The air compressor was not capable of maintaining the required

flow rate for continuous operation of the two larger motors.

For

this reason, each run consisted of a few seconds of operation, and
between runs the
supply tank.
magnetic tape.

compres~or

was

~!lowed

to replenish the air in the

The noise produced during each run was recorded on
A section of the tape was made into a loop and

Figure 1
Test Stand Dynamometer
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Figure 1
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played through a 1/3 octave analyzer into a graphic level recorder
\

to produce a record of sound pressure level as a function of frequency.*
The tape speed was 15 inches per second, which gave a frequency
response for the tape recorder of +2dB from 50 to 15,000 Hz.

The

loop length used was 30 inches on early tests, and was increased to
35 inches, the maximum the recorder could accommodate; therefore,
each loop contained about_2 1/3 seconds of data (6, App. A).

*All one-third octave spectrograms in this paper show the sound pressure
level (SPL) in decibels (dB) defined by:
p

SPL
~He

Prms

=

= root

20 log 10

p

rms

dB

reference

mean square acoustic pressure in dynes/em
2

2

Preference = reference pressure of .0002 dynes/em •
The frequency on each spectrogram is indieated by the number on the
abci~sa and the proper frequency multiplier (marked with an x).
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3.

INVESTIGATION OF FACTORS INFLUENCING EXHAUST NOISE
In these tests the effects of tool load, tool speed, and

various tool components on exhaust noise spectra were investigated.
The tools tested (Fig. 2) utilize sliding vane type motors with four
or five vanes, or blades.

In each case, the motor is followed by

planetary reduction gearing and the output shaft.

Measurements were

made with the microphone located 6 inches away from the air exhaust
and just out of the air stream.
noise recorded would be
for all three tools.

This location was chosen so that the

pr~arily

tool exhaust noise, and was identical

Tools were tested at various loads and various

stages of tool and/or tool muffler* disassembly, and spectograms
obtained were compared.
3.1

Nut Setter Tests
The gearing in the nut setter (Fig. 3) produces a speed reduction

of 14.9 to 1.

Air exhaust from the motor flows past two planetary

gear systems toward the output shaft, exits radially through twelve
1/8 inch diameter holes in the gear case, then through a felt strip
3/32 inch thick, and finally through nine 9/64 inch diameter holes in
the lock· sleeve.
The first test series was designed to determine the effect of load
on the noise produced by the tool.

Tests were conducted with and

without the felt strip installed to determine its effect on noise and
tool performance.
were recorded.

During each test the noise and rotational speed

A 1/3 octave analysis of the sound pressure level

was then obtained for each test.

*"Tool

muffler" here refers to the standard muffler which is
supplied with the tool.

Figure 2
Three Pneumatic Tools Tested

8

.,.,.
wrap Tool'

Figure 2

Figure 3
Assembly of Nut Setter Parts

9

Figure 3

10

In the first two tests the nut setter rotated the dynamometer
with no load applied.

The 1/3 octave sound pressure levels obtained,

(Fig.4),indicated that the felt muffler produced an attenuation of
12 dB in the overall level.*

Each curve shows an increase in sound

pressure level at approximately 1200 Hz.

This corresponds to the

frequency at which rotor blades pass the exhaust ports of the motor,
thereby exhausting air.

The blade passage frequency for the nut setter

is approximately one Hz per revolution per minute (rpm) of the output
shaft.

The shaft speed with the felt strip in place was 1090 rpm;

with the felt strip removed the speed was 1230 rpm.
The next two tests were conducted with a load of 0.75 lb. ft.
The 1/3 octave sound spectra (Fig. 5) are similar to the ones just
described.

The increase in the noise level at blade passage frequency

occurred at a slightly lower frequency than before since the shaft
speeds were reduced to 920 rpm and 1120 rpm, respectively, with and
without the standard felt muffler.

The noise in the frequency range

above 2000 Hz was practically unchanged.

The felt strip reduced the

overall level 11 dB for this load.
Two tests were conducted with a load of 3 lb. ft. applied.

In

this case the shaft speeds were approximately 400 rpm and 550 rpm,
respectively, for the felt in place and for the felt removed.

The 1/3

octave sound pressure levels (Fig. 6) show distinct increases in the
sound pressure levels at the blade passage frequencies.

The felt

produced a reduction in the overall level of 10 dB for this load.

*The

downward trend in the sound pressure level at 15,000 Hz is present
in all spectrograms, and continues to decrease at the same slope as
frequency is increased.

Figure 4
One-third Octave Analyses for Initial Nut Setter Tests
at No Load
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Figure 4

Figure 5
One-third Octave Analyses for Initial Nut Setter Tests
at 0.75 lb. ft. Load
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Figure 6
One-third Octave Analyses for Initial Nut Setter Tests
at 3 lb. ft. Load
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The results of tests at various loads indicated that the felt
muffler reduced the overall sound pressure level by 10 to 12 dB and
reduced the level at the blade passage frequency by about 5 dB.

It

also reduced the power output of the tool, as evidenced by the
reduction in speed.

The sound pressure levels at the blade passage

frequencies were about the same for all loads.

However, they appear

more prominent as load is increased due to a decrease in the level of
other noise sources at lower frequencies.

High frequency noise

(8,000-10,000 Hz) was reduced at the highest load.

This may have

been caused by the lower air flow rate at the higher load and,
therefore, less turbulent flow noise.
To better identify sources of noise, the output shaft and one
planetary gear system were removed.

The tool was then operated and

the noise level recorded with the felt strip in place and the output
shaft hole plugged.

The test was then repeated with the hole open.

Fig. 7 shows the 1/3 octave sound pressure levels obtained from these
tests.

The sound pressure level with the shaft hole plugged was

lower than that of previous tests with the output shaft in place.

This

probably occurred because air leakage at the output shaft location was
eliminated.

The general shape of this curve, however, is similar to

that obtained with the tool fully assembled.

With the shaft hole open

the sound pressure level at the blade passage frequency was higher
than for previous tests with the output shaft in place.
The curves of Fig. 8 are for a test as just described except that
the felt muffler was removed.

The spectrum obtained with the output

shaft hole plugged was quite similar to those of previous tests with
the shaft in place and the felt strip removed.

Comparison of curve B

Figure 7
One-third Octave Analyses for Nut Setter Tests with
Output Shaft Removed and the Felt Muffler Installed

A1

o~:trput.

btt.

~all

SPL : 91

J

1
2000

1000

7

Figure 8
One-third Octave Analyses for Nut Setter Tests with
Output Shaft and Felt Nuffler Removed

.

j

•
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J
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with curve A of this figure and with curve B of Fig. 4 indicates that
some attenuation of the blade passage frequency has been built into
the tool.
To obtain some indication of the effect of motor operation on
the noise output, the motor was removed.

The noise was then measured

with air flowing through the tool body under the following conditions:
~)

output shaft hole plugged and felt strip in place;

~)

output shaft hole open and felt strip in place;

(c)

output shaft hole plugged and felt strip out;

(d)

output shaft hole open and felt strip out.

Figures 9 and 10 show the results of 1/3 octave analyses of the noise
produced.

Although the volumetric flow rate is somewhat higher with

the motor removed, some indication of the effects of flow noise, and
of the felt muffler performance is obtained.
Curve A of Fig. 9 is a 1/3 octave analysis of condition (a) and
curve B is the spectrum of conditions (b).

Curves A and B of Fig. 10

represent the 1/3 octave spectra for conditions (c) and (d), respectively.
Curve A of Fig. 10 represents the noise produced by flow of air through
the tool body and out the normal exhaust passages with the motor and
the felt strip removed.

This curve resembles the curves obtained

from previous tests with the motor operating and the felt strip out if
the peaks at the blade passage frequencies are removed.
These tests showed that the noise produced by this tool consisted
primarily of a combination of broad band turbulent flow noise and
periodic noise at the blade passage frequency, which varied from zero
to 1200 Hz depending on load.

The felt muffler reduced the broad band

Figure 9
One-third Octave Analyses for Nut Setter Tests with
Motor and Output Shaft Removed and Felt Muffler Installed

Ij's

9

Figure 10
One-third Octave Analyses for Nut Setter Tests with
Motor~

Output Shaft, and Felt Huffler Removed
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turbulent flow noise by 10 to 15 dB and, as mentioned previously,
attenuated the blade passage frequency by about 5 dB.
3.2

Wire Wrap Tool Tests
The wire wrap tool utilizes the same type of motor as the nut

setter.

The motor is smaller and has 5 blades instead of four as in

the nut setter.

For this tool the exhaust air from the motor travels

down the tool handle and is exhausted through a small two piece muffler
shown in Fig. 11.

The air flows radially through small holes in the

plug and then is forced to exit through the annular space between the
head of the plug and the sleeve.
Since this tool in actual use is not subjected to a wide range
of loads which cause large speed variations, no loads were applied
during tests.
Tests were conducted initially with the inlet pressure set at
120 psig.

The noise was recorded during operation of the tool with

the muffler in place, with the muffler removed, and with half the
muffler (the plug without the sleeve) installed.

Frequency analyses

indicated the presence of discrete frequencies at the blade passage
frequency (approximately 2500Hz), and at twice and three times the
blade passage frequency.

The overall sound pressure level with the

muffler installed was about 94 dB at the microphone location.
level was 20 dB below that obtained without the muffler.

This

With half

the muffler installed, the level was 99 dB.
Next, tests were conducted with the motor removed from the tool
body.

During these tests the air flowed into and out of the tool body

as before.

The spectra obtained from these tests were compared with

those obtained from tests with the motor installed and operating.

This

Figure 11
Wire Wrap Tool 'Huffler
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gave an indication of what part of each spectrum was flow noise and
what part was motor-induced noise.

It was determined that the exhaust

noise of the operating tool consisted of discrete frequency noise
produced by the

motor~

superimposed on broad band flow noise.

The

muffler actually increased the broad band flow noise somewhat but
reduced the discrete frequency components considerably (6, App. B).
The wire wrap tool was then tested with inlet pressures of 105
psig, 90 psig, and 75 psig to investigate the performance of the
muffler over the range of operating speeds encountered in normal use.
At the higher pressures, the flow noise level was high enough to mask
much of the discrete frequency noise, but as the pressure was lowered
the flow noise level decreased, making the discrete frequency components
more pronounced on a 1/3 octave spectogram.

Table 1 gives the motor

speed and overall sound pressure level for each pressure, with and
without the muffler.

The increase in overall sound pressure level at

75 psig (without muffler) resulted from a significant increase in level
at the blade passage frequency.

The apparent cause was resonance

effects produced by geometry of the tool.

Pressure
(psig)

120
105
90
75

With Muffler
Motor Speed
Overall SPL
(rpm)
(dB)

Without Muffler
Motor Speed
Overall SPL
(rpm)
(dB)

28,800
27,600
26,400
24,000

32,400
31,200
29,400
26,400

(2.4)
(2.3)
(2.2)
(2.0)

90
87
86
86

(2.7)
(2.6)
(2.4)
(2.2)

112
110
106
114

Table 1. Wire Wrap Tool Noise Levels at Various Supply Pressures.
Numbers in parentheses indicate blade passage frequency in KHZ.
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3.3

General Purpose Motor
The general purpose motor is similar to but larger and more

powerful than the other two tools tested.

It uses a 5 blade rotor and

gearing to produce a speed reduction of 8. 5 of 1..

This gives a blade

passage frequency of approximately 0.71 Hz per rpm of the output shaft.
For this tool the air, after passing through the

motor~

is exhausted

radially through a compressed fiber muffler (Fig. 12).
The noise spectrum and speed of this motor were recorded for
each of the following conditions:
(a) no load with and without muffler
(b) 3 lb. ft. load with and without muffler
(c) 6 lb. ft. load with and without muffler
(d) 9 lb. ft. load with and without muffler.
The motor is designed for a stall torque of about 19 lb.ft. at the
supply pressure used.

During operation, supply pressure was 120 psig

at the tank, but only 80 psig at the tool, due to line loss.
The 1/3 octave spectra recorded during these tests were very
~

similar in shape to those obtained from the nut setter tests (6, App. C).
The spectra consisted of broad band flow noise plus periodic noise,
primarily at the blade passage frequency (which ranged from about 1,000
Hz at no load to about 400Hz with a 9 lb.ft. load).

The overall sound

pressure level for all tests with the muffler in place ranged from 96
dB to 100 dB.

For tests with the muffler removed, the overall sound

pressure level was 118 dB to 119 dB.
the same regardless of load.

The noise level was essentially

The standard muffler reduced the noise

level 20 to 25 dB at the blade passage frequency and reduced the

Figure 12
General Purpose Motor Huffier
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overall level about 20 dB.

On the average, the muffler caused a 22

percent reduction in tool speed.
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4.

INITIAL EFFORTS TO REDUCE NUT SETTER NOISE LEVELS
After the preliminary tests were completed, it was decided that

further efforts would be directed toward the nut setter, since it is
a common type of hand-held pneumatic tool.

Because the noise spectrum

for the nut setter consisted of broad band turbulent flow noise
throughout the audible spectrum, plus discrete frequency components
in the frequency range below 1500 Hz, it appeared that a muffler which
combined the selective filtering action of a reactive muffler with the
energy absorption of a dissipative type muffler was needed.
4.1

Prototype Muffler
A prototype muffler was constructed to evaluate possible methods

for attenuating the exhaust noise, the results of which might be used
for designing a muffler which would be built into the tool.

The

outer shell of the prototype muffler (Fig. 13) consisted of 3 inch
outside diameter (OD) copper tubing with a 1/16 inch wall thickness.
The inlet tube had a 5/8 inch OD and a 1/16 inch wall thickness and its
projection into the muffler was adjustable.

The end plate of the

muffler contained 12 equally spaced 1/4 inch holes on a 3/4 inch radius
from the center of the plate.

A section of tubing, with 1 inch OD and

a 1/16 inch wall thickness, was attached to the center of this plate
(Fig. 14).

The position of the end plate was adjustable.

The inner

surface of the larger chamber was lined with fiberglass 1/2 inch thick;
the 1 inch tube contained a 1/2 inch plug of fiberglass at its junction
with the end plate.

Steel wool 1/2 inch thick covered the outlet holes.

An aluminum sleeve was also made to fit over the lock sleeve of the tool;
an outlet tube 5/8 inch OD, directed the exhaust to the muffler.

Figure 13
Prototype Muffler
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Figure 14
End Plate of Prototype Muffler
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The prototype muffler was attached to the outlet tube and preliminary tests were conducted to compare the performance of the prototype muffler with that of the standard felt muffler.

Because of the

change in exhaust location relative to the tool and the directional
properties of the sound near the exhaust, it appeared that better
comparisons with the standard muffler could be obtained from spectra
recorded in the reverberant field.

Therefore, the microphone was

placed 12 to 15 feet away from the tool location for these tests
(6, App. E).

The air supply pressure was 120 psig at the tank and

100 psig at the tool.

The pressure at the tool was 20 psig higher

than on·the initial tests because a larger supply hose was used.
Results indicated that there was little difference in the noise produced with the standard muffler and that produced with the prototype
muffler.

Tests conducted with and without the steel wool at the

muffler exhaust, and with and without the fiberglass liner indicated
that most of the noise reduction could be attributed to the steel
wool.

It also appeared that the reversal of flow direction within

the muffler generated considerable noise because of localized high
flow velocities.
4.2

Expansion Chamber Study
It was next decided that a more basic approach should be taken,

utilizing simple expansion chamber type mufflers.

Considerable work

has been done with expansion chambers and Harris (7) contains infor'mation on their design and performance.

For a simple expansion

chamber, maximum attenuation should first occur at a frequency whose
wavelength (A) is equal to four times the length of the chamber.

Mini-

mum attenuation should occur when A is equal to twice the length of
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the chamber.

Because the blade passage frequency for the nut setter

with no load is approximately 1200 Hz, tests were conducted with a
chamber length of 1/4 A for a frequency of 1200 Hz(2 7/8 inches) and
a length (5 inches) as near 1/2 A as could be obtained with the muffler
shell available.

To accomplish these tests, a plate was built which

could be located at any desired location within the existing muffler
shell.

In the center of this plate was provision for an exhaust tube.

The noise level was measured and recorded in the reverberant field
during tool operation with two different lengths of expansion chamber,
the standard felt muffler and no muffler.

The sound pressure levels

for frequencies above the blade passage frequency were higher than
for the standard felt muffler, although the longer expansion chamber
provided more attenuation at these higher frequencies than did the
shorter expansion chamber.

The sound pressure levels at the blade

passage frequency were essentially the same for all configurations.
In other words, neither of the two expansion chamber configurations
nor the felt muffler attenuated the reverberant field noise at the
blade passage frequency to a significant extent.
It appeared, therefore, that the expansion chambers were not
performing according to plane wave acoustic theory.

Three possible

reasons for this are:
1.

Theoretical expansion chamber attenuation usually assumes
an anechoic termination.

That is, the acoustic energy

transmitted by the muffler is completely absorbed by the
termination.

In this case the deviation from anechoic

conditions may have caused the poor performance of the
expansion chambers.
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2.

Effects resulting from high sound intensities or high flow
rates may have caused the performance of the expansion
chambers to depart from that predicted from elementary theory.

3.

Tool body radiation* may have been the predominant noise
source.

These possibilities are discussed in the following sections.
4.3

Investigation of the Influence of Noise Radiated by the Tool Body
To investigate the influence of noise radiated by the tool body,

the nut setter was operated with the felt muffler removed and the exhaust air flowing into an anechoic termination.

A

rubber hose connected

the outlet tube with the inlet to the anechoic termination.
ation itself (Fig. 15) consisted of a conical tube

The termin-

8 1/2 feet long with

a 2 inch inlet diameter and a 4 inch outlet diameter.

A conical steel

wool core was located along the longitudinal axis of the tube.

After

the noise ~.vas recorded in the reverberant field with the anechoic
termination in place, the termination was removed and the reverberant
field noise for this condition was recorded.

The microphone and the

nut setter remained in the same location for both tests.

Comparison

of the 1/3 octave analyses of these two recordings (Fig. 16) indicated
that there was no appreciable change+ in the noise level at the blade
passage frequency (about 1100 Hz) with the anechoic termination.

These

results indicate that either the noise at the blade passage frequency
was primarily radiated by the tool body or that the anechoic termination
did not attenuate the noise at that frequency.
*"Tool body radiation" as used here includes noise transmitted by air
leakage and by tool body vibration.
+Variations in sound pressure levels at the blade passage frequency due
to room characteristics are discussed at the end of this section.

Figure 15
Anechoic Termination

Figure 16
Reverberant Field Noise Produced by Nut Setter
at No Load, With and Without Anechoic Termination
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To investigate the anechoic termination performance, 1/3
octave sound pressure levels were recorded at the anechoic termination outlet.

If a significant amount of sound were being transmitted

from the anechoic termination, the sound pressure levels in the free
field near the outlet should be higher than those in the reverberant
field.

The spectra were almost identical except at 1000 Hz where the

reverberant field level was higher than that at the outlet because of
room response characteristics.

Therefore, the anechoic termination was

effective over the frequency range of primary interest (500 Hz to 15,000
Hz), and the predominant noise source at the blade passage frequency
appeared to be tool body radiation.

Additional tests of the anechoic

termination (6, App. F) indicated that at least 25 dB attenuation could
be expected in the frequency range of interest.
The reverberant field 1/3 octave noise spectrum obtained from tool
operation with the standard felt muffler was compared with that obtained
with the felt removed and the tool exhausting into the anechoic termination.

These spectra were found to be almost identical.

Since the

anechoic termination reduced the exhaust noise level below the tool body
radiation noise level, the standard felt muffler also reduced the
exhaust noise level below the tool body radiation noise level.
To further investigate the hypothesis that tool body noise was
predominant, the tool was enclosed in a cylindrical steel container
(Fig. 17).

The tool was isolated from the cylinder with sponge rubber

and surrounded by fiberglass for sound energy absorption.

The air was

supplied by a rubber hose through one end cap and exhausted through a
rubber hose routed through the other end cap.

Modeling clay was used to

seal around the hoses and to provide vibration damping for the end caps.

Figure 17
Nut Setter in Enclosure
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The reverberant field noise was recorded with the tool located
both inside and outside the enclosure, and exhausting into the anechoic
termination (Fig. 18).

Comparison of the two curves indicates that

the enclosure provided a decrease in noise level at the blade passage
frequency of about 1000 Hz, and also across the entire spectrum;
however, audible noise was radiated by the enclosure.

The principal

source of this radiation was vibration of the end cap through which the
exhaust hose was routed.

Although the enclosure did not isolate the

tool as effectively as desired, the decrease in the sound pressure
level obtained by enclosing the tool verified that significant noise
was radiated by the tool body.
The overall sound pressure levels for most of these reverberant
field measurements cannot be compared because of the influence of the
room background noise level.

The background sound pressure level

(Fig. 19) of about 70 dB at about 35 Hz was produced primarily by
nearby air conditioning equipment, and was below the 55 dB base line
of Fig. 19 for all frequencies above 150 Hz.

Fortunately, the

frequency of the background noise was well below the predominant
frequencies of noise generated by the penumatic tools tested.
The sound pressure level at a particular discrete frequency varied
with microphone location in the room because of reinforcement and
cancellation effects of reflected waves.

For this reason the sound

pressure level obtained at the blade passage frequency varied from
test to test.

Although the noise source and the microphone positions

were not changed between tests, blade passage frequency variations
produced the same effect.

Tests repeated with the microphone located

at various locations in the reverberant field resulted in as much as

Figure 18
Reverberant Field Noise Produced by Enclosed and Unenclosed
Nut Setter Exhausting into Anechoic Termination

Figure 19
Background Noise in Acoustics Laboratory
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an8 dB variation (6, App. E) in the sound pressure level.

Comparisons

of sound pressure levels at the blade passage frequency are based on
data from a number of tests and the curves presented are considered to
be representative.
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5.

DESIGN AND EVALUATION OF EXPERIMENTAL MUFFLERS FOR THE NUT SETTER
Although it had been determined that the standard muffler on the

nut setter reduced its exhaust noise to the point where noise radiated
from the tool body was predominant, further tests were conducted to
investigate different muffler configurations which might effectively
attenuate exhaust noise from this type of tool.

Muffler configurations

)

were assembled by using the basic muffler parts which had already been
built.

Three basic designs chosen were a single expansion chamber (to

further study the apparent failure of expansion chambers to perform
according to elementary theory), a single side branch resonator, and
a modified double expansion chamber.
To evaluate these designs, tests were conducted with the tool
enclosed.

A rubber exhaust hose connected the enclosed tool with the

muffler outside the enclosure.

Reverberant field sound pressure levels

for the mufflers were compared with those for the enclosed tool exhausting into the anechoic termination.

This was expected to give an

indication of muffler performance since the anechoic termination provided better attenuation than any muffler of reasonable size.

Based

on these comparisons, modifications were made in each design to obtain
the best possible attenuation from

available components, without re-

ducing tool speed qelow that measured with the standard felt muffler.
From these tests three "optimum" muffler configurations (Fig. 20) were
selected and further evaluated with the nut setter operating under load.
5.1

Expansion Chamber
4ss~on loss of a simple expansion
The equation for t h e transm • •

chamber terminated without reflection (7) is

Figure 20
Three Experimental Nufflers
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TL

1
= 10 log 10 [1 + 1/4 (m - m)

where

m

2

sin

2

kteJ dB,

= ratio: of expansion chamber cross sectional area to
inlet and outlet pipe cross sectional areas.

k

= circular

frequency divided by velocity of sound

propagation.
t

e

=

length of expansion chamber.

From this equation it can be seen that a maximum attenuation will occur
when te

= l/4A., since kte= rr/2 radians.· A chamber length of 3 inches,

which should give a maximum attenuation at a frequency of about 1140 Hz,
was chosen.

In actual use the expansion chamber will not be terminated

without reflection and the length of the outlet tube (exhaust tube)
must be considered in calculating system performance.

Harris (7)

indicates that the effectiveness of a filter is decreased at frequencies in the vicinity of
f

1

c

=·2 1-+a

c

, t-~-a ,

3

2

c

t-~-a.

'

.....

and increased in the vicinity of
f

where

1

=4

c
3 c
.2__£_
£+a ' 4 t+a ' 4 i+ct ' • • • • •

t+a = effective length of exhaust tube
a

=

correction factor (0.6 a)

a = radius of exhaust tube.
Using these relations an exhaust tube 2.85 inches long was calculated
to be an optimum length for maximum attenuation near the blade passage
frequency.
The first test of this muffler indicated that it was not providing effective attenuation.

In fact~ replacing the muffler by a
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straight pipe of equal length produced identical results at the
blade passage frequency.

A pad of steel wool 1/2 inch thick was then

placed inside the expansion chamber as shown in Fig. 20a.

Curves A,

B, and C of Fig. 21 show the results of 1/3 octave analyses of the
noise from the simple expansion chamber, straight pipe, and expansion
chamber with steel wool, respectively.

Curve A of Fig. 18 shows the

results of a 1/3 octave analysis of the noise with the exhaust flowing
into the anechoic termination.

It can be seen that the expansion

chamber with steel wool compares well with the anechoic termination.
This configuration was, therefore, chosen for further evaluation
under load (Section 5.4).
5.2

Resonator
A resonator was designed using a procedure given on pages 21-24

and 21-25 of Harris (7).

Using Fig. 21-35 in the reference, a

resonant frequency (f ) of 1140 Hz was selected and the transmission
r

loss controlling parameter was chosen as 10.0.

The velocity of

sound propagation was taken as 1140 feet per second.

The number (n)

of connecting passages between the duct and the resonator cavity was
taken as 32, each with length (~) of 1/16 inch (the wall thickness
of the duct).

The proper diameter for each connector was found to be

0.189 inches or approximately 3/16 inch.

The required volume for the

cavity was calculated to be 15 cubic inches, which required a chamber
length of 2.31 inches for the muffler shell available.

The exhaust

tube previously designed for the expansion chamber was used with the
resonator.
Figure 22 shows the results of a 1/3 octave analysis of the noise
from the resonator just described.

Although the noise at the blade

Figure 21
Reverberant Field 1/3 Octave Analyses with
Nut Setter Enclosed for Expansion Chamber Evaluation

Figure 22
Reverberant Field 1/3 Octave Analyses With Enclosed Nut Setter
Exhausting Through Original Resonator

ll
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passage frequency was attenuated, a high sound pressure level was
observed in the vicinity of 8,000 Hz.

Figure 23 shows the spectrum

obtained with the chamber .. lengthened to 3 inches and with a 1/2 inch
cylindrical lining of fiberglass.
sound pressure level at

8,0~0

This modification reduced the

Hz by about 10 dB, but the level at the

blade passage frequency increased.

The exhaust tube was then removed

and replaced by a chamber utilizing a plate with twelve 1/4 inch holes
covered by a 1/2 inch steel wool pad, as shown schematically in
Fig. 20b.
Fig. 24.

The spectrum obtained from this configuration is shown in
Other arrangements were tried, including elimination of

the fiberglass lining, but none was as effective as the configuration
shown.
5.3

Double Expansion Chamber
Another configuration was a double chamber design in which the

plate with 12 holes was placed inside the muffler shell to form a
chamber 3 inches long.

The other pla·te with the 2.85 inch exhaust

tube was placed in the end of the muffler shell, forming a second
chamber 1 5/8 inches long.

Figure 25 shows the 1/3 octave sound

pressure levels for this conf·iguration.

The noise attenuation was not

considered acceptable; therefore, a one-inch thick ring of steel
wool was placed in front of the 12 holes as shown in Fig. 20.

The 1/3

nfiguration are shown in
octave sound pressure levels for this Co
Fig. 26.

The Sou nd pressure level is somewhat lower for this con-

figuration.

A test was also conducted with a configuration as described

above, but with an additional 1 I 2 inc
end of the second chamber.

h

d f Stee l wool at the exhaust
pa o

Although significant improvement in noise

reduction was observed, the flow resistance was quite high and this
configuration was not tested further.

Figure 23
Reverberant Field 1/3 Octave Analyses With Enclosed Nut Setter
Exhausting Through Resonator With Fiberglass Lining

Figure 24
Reverberant Field 1/3 Octave Analyses With Enclosed Nut Setter Exhausting
Through Resonator With Fiberglass Lining Followed by Chamber With Steel Wool

'i

i

J

Figure 25
Reverberant Field 1/3 Octave Analyses With Enclosed Nut Setter
Exhausting Through Double Expansion Chamber Muffler

Figure 26
Reverberant Field 1/3 Octave Analyses With Enclosed Nut Setter
Exhausting Through Double Expansion Chamber Muffler With Steel Wool

51

5.4

Comparison of the Three Muffler Designs at Various Loads
The three muffler designs finally selected (Fig. 20) were then

tested with the unenclosed tool mounted on the test stand so that
loads could be applied and speeds measured.

Th e no1se
·
in the rever-

berant field was recorded and analyzed for five different muffler
configurations at no load, 2 lb. ft. load, and 3 lb. ft. load.

The

muffler configurations for the five tests were:
1.

expansion chamber design of Fig. 20a;

2.

resonator design of Fig. 20b;

3.

double chamber design of Fig. 20c;

4.

standard felt muffler;

5.

anechoic termination.

The 1/3 octave sound pressure levels for each muffler configuration
were compared for each loading condition to evaluate relative performance.
The results of these tests indicated that all mufflers including
the standard felt muffler provided enough exhaust noise attenuation
such that the noise transmitted through the tool body was predominant,
except with. the 3 lb. ft. load.

For this load, comparison of noise

spectra obtained with the standard felt muffler, with spectra from
other mufflers, and from the anechoic termination indicated that some
exhaust noise was present at the blade passage frequency of about
200 Hz.

Also, results of tests with the resonator design indicated a

large component in the 1/3 octave sound pressure level at about 560"Hz
which was twice the blade passage frequency for this test.

The noise

spectra for the single and double expansion chambers were very similar
to the spectrum for the anechoic termination.
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The operating speed of the tool with the various mufflers gives
some indication of relative flow resistances (6, App. D).

For the

3 lb. ft. load, the tool speeds were 200 rpm with the standard felt
muffler, 250 rpm with the expansion chamber design, 280 rpm with both
the resonator design and the double chamber design, and 300 rpm with the
anechoic termination.

The single expansion chamber design shown in

Fig. 20a appeared to give the best attenuation of the three mufflers
built, but it also reduced the power of the tool the most.
it did not appear to reduce the power as
muffler ..

However,

much as the standard felt
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6.

CONCLUSIONS
The noise spectra generated by all three pneumatic tools tested

contained both strong periodic components at the blade passage frequency
and broad band turbulent flow noise.

In addition, the wire wrap tool

generated strong periodic components at twice and three times the blade
passage frequency.

The mufflers supplied with the tools provided con-

siderable noise attenuation with a sacrifice of 10 percent or more in
power.

It would be desirable to obtain at least 10 dB more noise

attenuation with less power loss.
The nut setter noise except at very low speeds was transmitted
primarily by the tool body rather than by the flow of exhaust air.
Tool body radiated noise levels at the blade passage frequency appeared
to be higher when the blade passage frequency was in the vicinity of
1000 Hz than at other frequencies, indicating a possible mechanical
resonance.

Further studies of this noise should be conducted.

Possible

methods of reducing this noise include soft mounting of the motor and
shaft assembly in the tool body for vibration isolation and use of sound
absorbing material inside the tool body.

Reduction of tool body rad-

iated noise will cause the exhaust noise to become more significant.

One

possible method for reducing both exhaust noise and tool body noise is
to enclose part of the tool body inside a muffler.

This will probably

require some increase in tool size.
The expansion chamber wf~hout steel wool did not perform as expected,
probably because of the high exhaust velocity and/or intense sound pressure levels within the muffler.

The addition of steel wool to the exit

end of the expansion chamber not only increased the attenuation of
broad band flow noise, but also increased the attenuation at the blade
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passage frequency.

The disadvantage of the addition of steel wool was

a considerable increase in back pressure.

A small increase in the

diameters of inlet and exhaust tubes should result in a significant
decrease in back pressure, with some sacrifice in attenuation.

Studies

should be conducted to determine the effects of high flow velocities
on the exhaust tube length required for maximum attenuation.
Although the resonator design did not perform well at low tool
speeds, this type of muffler appears worthy of further study.

Con-

sideration should be given to designing a resonator for maximum attenuation at half the maximum blade passage frequency.

This would give rea-

sonably good attenuation over a wide range of tool operating speeds. The
resonator design employed in these tests produced little back pressure.
The double chamber design tested performed reasonably well.

A

double chamber design with a length of pipe in the center connecting
the two chambers and possibly steel wool at the outlet of the second
chamber appears worthy of evaluation.
In summary, none of the simple reactive type mufflers tested was
effective in attenuating exhaust noise produced by the nutsetter• It
appears, however, that a muffler combining reactive and dissipative
elements can be designed to attenuate exhaust noise effectively, with
less power loss than is caused by the standard muffler configurations.
The reactive elements can be designed for attenuation over a range of
i
elements can be used to
blade passage frequencies, and d iss i pa t ve
attenuate broad band flow noise.
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APPENDIX A
Data Recording and Analysis Techniques
The noise recording and analys i s equ1pment
·
used f or acoustic testing
consisted of the following:
(1)

General Radio Co. Type 1560-PS Microphone

(2)

General Radio Co. Type 1551-C Sound Level Meter

(3)

General Radio Co. Type 1525-A Data Recorder (Tape Recorder)

(4)

General Radio Co. Type 1564 Sound and Vibration Analyzer

(5)

General Radio Co. Type 1521-B Graphic Level Recorder.

(6)

General Radio Co. Type 1562-A Sound-Level Calibrator

In addition to the equipment listed above, a cathode ray oscilloscope
was used for monitoring purposes.
For all tests, the tape recorder was set for flat response and
the maximum tape speed (15 inches per second) was used to assure good
high frequency response.
For tests in which the microphone was located 6 inches away from
the tool exhaust, the microphone was connected directly to the channel
1 of the tape recorder.

The input level was adjusted by the input

attenuators provided on the recorder.
For tests in which the microphone was located in the reverberant
field, the microphone was placed on the sound level meter, which served
both as an amplifier and a microphone stand.
The first part of a roll of magnetic tape was used for calibrations.

The sound-level calibrator provides a sound pressure level

of 114 dB at 2000 Hz, 1000 Hz, 500 Hz, 250 Hz, and 125 Hz at the
microphone and these calibrations were recorded.

The channel 1
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attenuator, which attenuates in steps of 10 dB, and the channel 1
thumbset were used to adjust the input to +4 dB on the meter provided
on the recorder, with an input level of 114 dB.
recorded was monitored on the oscilloscope.

The signal being

After the calibrations

were recorded, they were played back and monitored a second time.
For recording of data, the input level was adjusted to give an
on-scale reading on the tape recorder meter.

This adjustment was made

in steps of ·10 dB on the tape recorder input attenuator when the sound
level meter was not being used or in steps of 10 dB on the sound level
meter when it was used.

The change was noted so that it could be

taken into account during data analysis.
During tests, the noise was recorded with the tools operated in
approximately 5-second bursts.

The recordings were then played back

and the oscilloscope was used to locate the beginning of each test on
the tape.

When the beginning of a test was located, the tape transport

was stopped and a small piece of splicing tape was used to mark the
location.

After the beginning of each test was marked, the tape was

removed from the recorder and a tape loop was made for each test.
Early in the testing, loops of 30 inches (2 secpnds) were used.

Later,

the loop length was changed to 35 inches which is about the maximum
that will fit the recorder.
Before analysis of the data on the tape loop was undertaken,
the calibration tape was played through the sound and vibration
analyzer and recorded on the graphic level recorder.

The analyzer

was adjusted to give an on-scale meter reading of approximately the
same value that was observed on the tape recorder meter during
playback.

The position of the pen on the level recorder was adjusted
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to the desired location by using the 10 dB step attenuator and the
thumbset.

The level recorder was set for writing speed of 3 inches

per second and a paper speed of 1.5 inches per minute for all of the
analysis work performed.

The instruction manual for the level recorder

gives the recommended speeds for various conditions.

In general, the

lower the paper speed, the more accurate the recording.

This occurs

because the paper speed dictates the speed of the analyzer as it sweeps
through the frequency range.

If the paper speed is too high, the pen

will not have time to respond fully before the frequency and amplitude
have changed; also, the tape loop should make one complete cycle before
the frequency has changed appreciably.
During the course of these tests it was found that the type of
magnetic tape used with the data recorder is very important.

During

playback of tape calibrations, variations in the level were observed
both on the oscilloscope and the tape recorder meter for several types
of tape.

Only two of the types tried were found to be acceptable.

These were Sony PR-150 "Professional Recording Tape" and Ampex 641
"Professional Recording Tape."

Ampex 641 tape which was not labeled

"Professional" was tried and found to give a level variation.
to the data recorder instruction manual, Scotch 203 Tape gives
acceptable performance.

However, this tape was not evaluated.

According
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APPENDIX B
Noise From Initial Tests of Wire Wrap Tool
The 1/3 octave analyses of noise produced by the wire wrap tool
are shown in Fig. Bl.
muffler in place.

Curve A represents tool operation with the

Curve B is the spectrum for the muffler removed,

and curve C is the spectrum for part of the muffler in place.
Curves A, B, and C of Fig. B2 show the noise spectra produced
by air flowing through the tool with the motor removed and with the
standard muffler, no muffler, and part of the muffler in place,
respectively.
flow noise.

In general, these curves show broad band turbulent
The shapes of these curves are similar to what would be

obtained if the discrete frequency components were removed from the
previous curves obtained with the motor installed and operating.

The

levels are somewhat higher, as might be expected because the flow
rate is increased by removal of the motor.

The level of flow noise

with the muffler removed was lowest because the outlet area was much
larger and, therefore, the flow velocity was lower.

Figure Bl
One-Third Octave Sound Pressure Levels for Wire Wrap Tool

Figure B2
One-Third Octave Sound Pressure Levels for Flow
Through Wire Wrap Tool with Motor Removed
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APPENDIX C
Noise From Initial Tests of General Purpose Motor
Figure Cl shows results of tests of the general purpose motor
at no load.

Curve A shows the spectrum with the muffler in place.

The peak in the curve at approximately 900 Hz corresponds to the
blade passage frequency with an output shaft speed of 1240 rpm.
B shows the spectrum with the muffler removed.

Curve

The shaft speed in

this case was 1460 rpm.
Curves A and B of Fig. C2 show the result of tool operation with
a 3 lb. ft. load.

For curve A the muffler was in place and for curve B

the muffler was removed.

The shaft speeds were about 1170 rpm when

the muffler was in place and 1270 rpm when the muffler was removed.
Curves A and B of Fig. C3 show the results with and without a
muffler, respectively, for a 6 lb. ft. load.

The shaft speeds for

this case were about 760 rpm with the muffler in place and 1030 rpm
with the muffler removed.
Curves A and B of Fig. C4 show the results with and without a
muffler, respectively, for a 9 lb. ft. load.

The shaft speeds were

about 600 rpm with the muffler installed and 830 rpm with the muffler
removed.

Figure Cl
One-Third Octave Sound Pressure Levels for
Tool Operation at No Load

Figure C2
One-Third Octave Sound Pressure Levels for Tool Operation
with a 3 lb. ft. Load

Figure C3
One-Third Octave Sound Pressure Levels for Tool Operation
with a 6 lb. ft. Load

Figure C4
One-Third Octave Sound Pressure Levels for Tool Operation
Operation with a 9 lb. ft. Load
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APPENDIX D
Improvements Which Should be ConsJ.·dered p ·
r1.or to Further Tests
One of the major difficulties during these tests was caused by
the lack of a s ffi · t
1
u
Cl.en supp Y of compressed air to maintain constant
pressure during tool operation.

Tests were conducted during short

bursts of tool operation starting with a full supply tank.

Con-

siderable time was consumed between tests waiting for the compressor
to replenish the air in the supply tank.

Also, after the tools had

been idle for a few hours, a few minutes of operation were required
before the tools operated at normal speeds.

This was difficult to

achieve for the two larger tools.
Moisture in the supply air was another diff.iculty.

Condensation

occurred during tool operation and moisture collected in the porous
mufflers used on the two larger tools.

This increased the back

pressure on the general purpose motor resulting in a noticeable
decrease in speed.
A larger air supply which can maintain 100 to 120 psig. during
tool operation is needed.

A pressure regulator should be used to

maintain about 90 psig. at the tool, and a water trap should be used
to reduce the moisture in the air.

With these improvements, variation

in tool speed from test to test under the same loading should be
minimized.
During these tests, the rotational speed was determined by using
a strobe light and a mark bn the dynamometer pulley.

It might be

advantageous to use some type of tachometer or to devise a circuit
connected to a frequency counter with a mechanical or magnetic switch
aettv•ted}.l,y tba.t'lJtating dynamometer pulley.
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An enclosure should be built for the dynamometer to isolate tool
body and dynamometer noise from exhaust noise.

Exhaust noise and

tool body radiated noise could then be evaluated under various loads.
A transmission loss for the enclosure of 30 dB would probably be
adequate.
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APPENDIX E

Characteristics of Acoustics Laboratory,. u ·
n1versity of Missouri - Rolla
Reverberation times were measured at three different locations
in the acoustics laboratory.

The three microphone locations used

and the speaker location are shown in Fig. El.
about 44 inches above the floor.

The microphone was

Th e speak er was used to generate

sound in 1/3 octave bands up to a center frequency of 8000 Hz, the
maximum frequency for which a sound pressure level more than 10 dB
above the background level could be obtained.

The output of the

microphone was fed through the sound level meter and into the graphic
level recorder.

During each measurement the graphic level recorder

was operating with a writing speed of 20 inches per second and a
paper speed of 15 inches per minute, 'the maximum available speeds.
The initial slope of the sound pressure level decay curves obtained
when the sound source was abruptly disconnected was used to determine
the approximate tfme required for a decrease of 60 dB.
is defined as the reverberation time.

This interval

The reverberation times ob-

tained for each frequency band and each microphone location are given
in Table El.
There was considerable variation of the measured reverberation
time with microphone position.

This variation was partially attributed

to the room modes and the effects of equipment locations in the room.
Also, because the paper speed was not high, error in determining the
slope of the decay curves could be as much as +0.15 seconds.

For all

positions the sound level meter with the microphone attached was located
on a table,. which could cause some interference, but it was positioned

near an edge of the table to minimize

this effect.

Figure El
Plan View of Acoustics Laboratory with Microphone
and Speaker Locations Used for Determining
Reverberation Characteristics.

~

2'
Speaker

5'
.l.!?;lition 2

2'

L
r·r

7'

15.8'----..l

Position 1

1~.
Room Dimensions:

r·LPosition 3
7'
13' _ _ _,..

24.1x32.4x12.3

Figure E1
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One Third
Octave Center
Frequency (Hz)

200
250
315
400
500
630
800
1000
1250
1600
2000
2500
3150
4000
5000
6300
8000

Table El.

Reverberation Time at
Micro:12hone Position ~sec.}
1
2
3

0.84
0.84
1.44
0.6
1.0
1.2
1.0
1.5
1.2
1.0
1.0
1.0
0.84
0.84
0.9
0.9
0.6

0.9
0.6
0.6
1.56
0.72
0.9
1.5
1.56
1.68
1.44
1.2
1.2
1.2
1.32
1.0
1.0
1.44

1.5
1.0
1.2
1.2
1.5
1.56
1.56
1.56
1.32
1.8
1.2
1.32
1.0
0.84
1.0
0.72
0.9

One-third Octave Band Reverberation Times
for Acoustics Laboratory.
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The room dimensions of 32.4 x 24.1 x 12.3 give a volume of about
9604 cubic feet.

For a good reverberation chamber of this size the

absorption should be small enough that the decay rate is less than
1

30 dB/sec •

The measured decay rates ranged from 100 dB/sec. to 33

dB/sec. and averaged about 55 dB/sec.

Although the reverberation times

are not optimum for a reverberation chamber, the average reverberation
time of about 1.1 seconds indicates that it is in the "live room"
category.

For example, "live'' rooms are used for church and organ

music, and the optimum reverberation time for a room of this size is
about 1.2 seconds 2 •
Although the shape of the room was not optimum, it did have a
large number of modes in the frequency range of interest (primarily
200 to 15000 Hz), because of its relatively large size.
modes of a rectangular room are given by

f =

n 2
(
~ (t x) +

= propagation
= dimensions

<-f)

2

y

X

where c

n

+

n

<t z)

The normal

3

2 ]1/2

Z

vel?city of sound

of room

= 0,1,2,3~ ....

This equation was solved for all modes up to
computer.
1

lOO Hz using a digital

The results are shown graphically in Fig. E2.

The

p G
d Gross, Ervin E., Jr., "Handbook of Noise
Peterson, Arnold • • atl. C
west Concord, Mass • ' 1967 • p • 29 •
Measurement, General Radio ompany'
t " First Edition,
2navis Don, "Acoustical Tests and Measuremd~n s '1965 p 69.
'
C I
Indianapolis In l.ana,
' •
"
Howard w. Sams o.' nc.'
i 'K
"Fundamentals of Acoustics '
3Kinsler, Lawrence E. and Frey, Austin .,New York-London-Sidney,
Second Edition, John Wiley & Sons' nc • '
1967, P• 441.

Figure E2
Normal Modes of Acoustics Laboratory up to 100 Hz
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calculated frequency values we~e
were 52 modes below 100 Hz.

Th

rounded to the nearest integer.

There

e approximate number of modes in a

given frequency band is given by4

(4rrj f2 + rr.s2 f + -..!!.)llf
C
2C
Be

llN

where

V

= volume

s =

2(~ ~

X

g_ ~
y + y z + ~x~z), total surface area of walls

X

+ ~y +

L

=

f

= center

llf

4(~

of room

~

Z

), sum of lengths of edges of room

frequency

= frequency

band width (.224 x f for 1/3 octave bands)

For example, the number of modes (llN) for the Acoustics Laboratory in
the 1/3 octave band centered at 1000 Hz is about 19,000 and for the
1/3 octave band centered at 100Hz it is about 27.
Because the sound at the blade passage frequency was pure tone
rather than broad band, the reverberant field sound pressure level at
the blade passage frequency varied with microphone position and with
blade passage frequency itself.

This was expected because the

reinforcement or cancellation effects due to standing waves depend on
both location and frequency. Figure E3, E4, and E5 show the 1/3 octave
sound pressure levels for nut setter operation at no load with the standard felt muffler installed and the microphone
2, and 3, respectively.

l~cated

at positions 1,

The sound pressure levels at the blade

passage frequency (approximately 1100 Hz) are 82 dB, 81 dB, and 74 dB
for microphone positions 1, 2, and 3, respectively, for a total

4Kinsler, Lawrence E. and Frey, Austin R., "Fundamentals of Acoustics",
Second Edition, John Wiley & Sons, Inc., New York-London-Sidney,
1967, pp. 4451-446.

Figure E3
One-third Octave Sound Pressure Levels at Microphone
Position 1 for Nut Setter Operation at No Load With
the Standard Felt Muffler

Figure E4
One-third Octave Sound Pressure Levels at Microphone
Position 2 for Nut Setter Operation at No Load with
the Standard Felt Muffler
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variation in this case of 8 dB.
the total variation was 9 dB.

At half the blade passage frequency
For the remainder of the spectrum

the maximum variation was about 3 dB which occurred at twice and
three times the blade passage frequency.
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APPENDIX F

Performance of Anechoic Termination
Tests were conducted to obtain some indication of anechoic
termination performance in the frequency range which encompasses the
blade passage frequencies of the nut setter.

The anechoic. tennination

was connected to the standing wave tube in the Acoustic Laboratory.
A sinusoidal input sound pressure level of 110 dB (measured in the

standing wave tube near the entrance to the anechoic termination) was
used for all tests.

A second microphone was placed at the anechoic

termination outlet•

The test frequencies ranged from 200 Hz to 1250 Hz

in 1/3 octave steps.

The drop in sound pressure level between input

and the anechoic termination outlet gave an indication of the
attenuation of the anechoic termination.

However, considerable audible

noise was transmitted into the room by the standing wave tube either
because of mechanical vibration or leakage.

This noise increased the

level at the outlet of the anechoic termination so that the measured
attenuation was less than the actual attenuation.

Tests were con-

ducted with and without air flowing through the standing wave tube
and anechoic termination.
The values of attenuation measured during these tests are given
in table Fl.

The lowest attenuation value measured was 25 dB at 500 Hz.

Although the anechoic termination probably provides greater attenuation
than indicated, 25 dB was adequate for the nut setter tests in which
the termination was used.
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Att.enuation (dB)
Frequency (Hz)

Without Air Flow
38

200
250
315
400
500
630
800
1000
1250

34
31
31
25
31
39
29
34

Table Fl.

With Air Flow
41
38
35
38
30
29
35
31
35

Results of Anechoic Termination
Attenuation Measurements
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